Abstract Reports of rotavirus excretion in calves usually result from cross-sectional studies, and in face of the conflicting results regarding protection of calves born to vaccinated dams against diarrhea, the aim of the present study was to evaluate rotavirus excretion in dairy calves born to vaccinated or unvaccinated dams, to identify the genotypes of bovine rotavirus group A (RVA) strains isolated from these animals as well as to investigate characteristics of the disease in naturally occurring circumstances throughout the first month of life. Five hundred fifty-two fecal samples were taken from 56 calves, 28 from each farm and, in the vaccinated herd, 11/281 samples (3.91%) taken from six different calves tested positive for RVA while in the unvaccinated herd, 3/271 samples (1.11%) taken from 3 different calves tested positive. The genotyping of the VP7 genes showed 91.2% nucleotide sequence identity to G6 genotype (NCDV strain), and for the VP4 gene, strains from the vaccinated herd were 96.6% related to B223 strain, while strains from the unvaccinated herd were 88% related to P[5] genotype (UK strain). Genotypes found in this study were G6P [11] in the vaccinated herd and G6P [5] in the unvaccinated herd. All calves infected with rotavirus presented an episode of diarrhea in the first month of life, and the discrepancy between the genotypes found in the commercial vaccine (G6P[1] and G10P [11]) and the rotavirus strains circulating in both vaccinated and unvaccinated herds show the importance of keeping constant surveillance in order to avoid potential causes of vaccination failure.
Introduction
Neonatal calf diarrhea (NCD) is one of the most important causes of morbidity and mortality in animals aged less than 6 weeks of life, leading to economic losses due to the cost of treatment, prophylaxis, increased susceptibility to other infections, reduced growth rates, and death of calves. Colostrum management, size of the herd, type of housing, nutritional status, and the presence of other pathogens are considered risk factors for the development of the infection (Lorenz et al. 2011; Cho and Yoon 2014) .
NCD is a multifactorial disease, associated with infectious and non-infectious causes. Of the bacteria, viruses, and protozoa commonly involved in the etiology of NCD, the most prevalent viral agent is bovine rotavirus group A (RVA), as reported in studies conducted in Brazil, Netherlands, Australia, USA, and New Zealand (Langoni et al. 2004; Bartels et al. 2010; Izzo et al. 2011; Cho et al. 2013; Cho and Yoon 2014; Al Mawly et al., 2015) .
Rotavirus is a genus from the Reoviridae family and is divided into 8 groups or species (A-H) based on antigenic properties and nucleotide sequence diversity of the inner viral capsid protein VP6 (Matthijnssens et al. 2012) . From these, RVA is the most prevalent (Papp et al. 2013) . The non-enveloped virion has a triple-layered capsid surrounding 11 dsRNA segments that encode 6 structural (VP1-4, VP6, and VP7) and 5 nonstructural (NSP1-NSP5/6) proteins . Since VP4 and VP7 induce the production of neutralizing antibodies and protective immunity, these proteins play a central role in strain selection for vaccine production and form the basis of a binary classification system, namely, the G (glycosylated) and P (protease-sensitive) genotypes (Estes and Greenberg 2013) . To date, 27 G and 38 P genotypes with different combinations have been described (Matthijnssens et al. 2011; Trojnar et al. 2013) . Regarding bovine rotavirus infections, G6, G8, and G10 together with P[1], P[5], and P[11], respectively, are the G and P genotypes most commonly found (Alkan et al. 2010) .
General recommendations regarding decrease of RVA diarrhea include management practices, especially good hygiene and sanitation procedures, as well as pathogen-specific interventions, such as the use of vaccine prophylaxis (Alkan et al. 2010; Izzo et al. 2011) . The vaccination of cows aims an increase of the concentration of specific antibodies in colostrum against targeted pathogens (Kaplon et al. 2013) . Although many reports state that vaccination programs of pregnant cows are one of the main strategies for prevention of RVA diarrhea in calves, it must be kept in mind that calves that receive a sufficient quantity of specific antibodies through colostrum intake are not completely protected against rotavirus infection, instead, the severity of clinical signs is decreased, reducing deaths from RVA infection (Parreño et al. 2004; Kaplon et al. 2013) .
The aim of this study was to evaluate rotavirus excretion and to identify the genotypes of RVA strains isolated from a vaccinated and an unvaccinated dairy herd from São Paulo state, Brazil.
Materials and methods
Fifty-six calves were evaluated in a longitudinal design study. These animals were allotted in two experimental groups with 28 animals: group V comprised of animals that belonged to a herd that regularly vaccinated the dams with a commercial vaccine against NCD, and group NV comprised of animals from a herd that did not vaccinate the dams against NCD. The vaccination scheme included administration of a commercial adjuvant vaccine containing inactivated bovine RVA strains G6P[1] and G10P [11] , inactivated bovine coronavirus, Escherichia coli K99 colibacterin and type C Clostridium perfringens toxoid according to manufacturer's instructionspregnant cows received two intramuscular doses of vaccine, with an interval of approximately 3 weeks, the second dose being administered 3 to 6 weeks pre-partum. Cows from group NV did not receive the vaccine in the prepartum period.
Besides vaccination management, herd V comprised 1400 Holstein cows in lactation, with a mean production of 32 L of milk/cow/day, and group NV comprised 100 Holstein cows in lactation, with a mean production of 20 L of milk/cow/day. Colostrum management was similar in both farms, and only calves born to cows that produced a sufficient volume of colostrum to ensure the intake of 4 L in the first meal were included in this study. Colostrum management consisted of bottle feeding calves ad libitum with their own mother's colostrum up to 2 h after birth, with a minimum volume of colostrum intake of 4 L per calf.
The fecal samples were collected in two municipalities located in the state of São Paulo in 2011 and 2012. Holstein calves were randomly selected and fecal samples were taken directly from the rectum using individual plastic bags before colostrum intake, and at 1, 2, 7, 15, 21, and 30 days of age and frozen at −20°C until analysis. Whenever calves presented diarrhea, samples were taken at 24 h intervals until animals presented two consecutive days of normal feces.
Fecal samples were classified in scores according to consistency: score 0 (firm feces), score 1 (slightly loose feces), score 2 (loose feces), and score 3 (watery feces) (Fernandez et al., 1998) . Scores 0 and 1 were considered normal feces and scores 2 and 3 were considered diarrhea.
Samples were screened for RVA by silver stainedpolyacrylamide gel electrophoresis (PAGE) technique (Herring et al. 1982 ) modified by Pereira et al. (1983) , which is a technique with sensitivity approximately equal to electron microscopy (Herring et al. 1982) .
The RT-PCR was employed to characterize the bovine RVA genotypes G and P as described previously . Fecal samples were prepared as 50% (v/v) suspensions in DEPC-treated ultrapure water and centrifuged at 5000×g for 10 min at 4°C. Total RNA was extracted from 250 μL of the supernatant using TRIzol Reagent™ (Invitrogen, Carlsbad, CA, USA) and cDNA was synthesized using random primers (Invitrogen, Carlsbad, CA, USA) and SuperScript III reverse transcriptase (Invitrogen, Carlsbad, CA, USA) as per manufacturer's protocol. Different PCR runs were performed using primers Beg9, End9, End9CRW8, End9UK (for G genotypes) or con3 and con2 (for P genotypes) (Gouvea et al. 1994a; Gouvea et al. 1994b; Gentsch et al. 1992; Silva et al. 2015) . Therefore, 2.5 μL cDNA was added into the reaction mix comprising 1× PCR Buffer™ (Invitrogen, Carlsbad, CA, USA), 0.2 mM of each dNTP, 0.5 μM of each forward and reverse primers, 1.5 mM MgCl 2 , and 3 U Platinum Taq Polymerase™ (Invitrogen, Carlsbad, CA, USA) and nuclease-free water to obtain a final volume of 25 μL. This solution was then heated to 94°C for 3 min, followed by 40 amplification cycles, with 1 cycle consisting of 1 min at 94°C, 1.5 min at 50°C, and 1 min at 72°C; and a final extension step of 10 min at 72°C. After completion of thermocycles, PCR products were separated by electrophoresis on a 1.5% agarose gel, stained with ethidium bromide, and visualized by UV transillumination.
Ten samples in which RT-PCR results were satisfactory were used for genotyping. The amplicons were purified using ExoSAP-IT® PCR product cleanup (USB Products Affymetrix, Cleveland, USA) and nucleotide sequences of the VP4 and VP7 gene segments were determined in both directions using BigDye Terminator 3.1™ cycle sequencing kit (Applied Biosystems, Foster City, USA), according to the manufacturer's protocol and a 3500™ Genetic Analyzer system (Applied Biosystems, Foster City, USA). The nucleotide sequences were assembled using Bioedit 7.0.5 software (Hall 1999 ) and analyzed using the RotaC 2.0 automated genotyping tool for Group A rotavirus to confirm the RVA identity of all sequences (Maes et al. 2009 ). Phylogenetic trees were constructed and molecular analyses were performed using the MEGA® 6.06 software by using the neighbor-joining algorithm and the maximum composite likelihood DNA substitution model for each viral gene or nucleotide fragment (Tamura et al. 2013) . Statistical support was obtained by 1000 bootstrap replicates. The identity matrix was constructed using Bioedit software version 7.0.5. Sequences from this study were deposited in the GenBank database under the following accession numbers: VP7 (KX121165, KX121166, KX121167, KX121168, KX121169, KX121170, KX121171, KX121172, KX121173, KX121174) and VP4 (KX121175, KX121176, KX121177, KX121178, KX121179, KX121180, KX121181, KX121182, KX121183, KX121184).
Results
The number of fecal samples taken from calves from the vaccinated and unvaccinated herds; its distribution by scores as well as the number of bovine RVA positive samples according to fecal score are shown in Table 1 .
Fecal samples positive for rotavirus detection through PAGE, number and age of calves that tested positive for RVA in feces by this technique, number of days of elimination of diarrheic feces throughout the first month of life, as well as results of genotyping are shown in Table 2 . The distribution pattern of the 11 dsRNA segments was 4:2:3:2 in all the positive samples by PAGE technique. All 14 samples analyzed by RT-PCR for the detection of VP4 were positive. Regarding VP7, in four samples from three different animals, it was not possible to obtain amplicons using the primers described, even though samples were tested twice, in different moments, using new RNA extractions, and positive and negative controls worked as expected. As sequencing was performed in only ten samples in which RT-PCR results were adequate, including at least one sample from each positive calf, the genotype of the four samples aforementioned could not be determined.
Genotyping revealed that all RVA positive calves from group V were infected with G6P[11] RVA, while in group NV, the genotype found was G6P [5] . Also, G6P[11] strain was detected in both normal and diarrheic feces, while G6P[5] strain was found only in diarrheic feces. Positive calves excreted the virus for 1 to 3 days in the vaccinated herd, and for only 1 day in the unvaccinated herd (Table 2) . None of the calves that tested positive for RVA in feces were aged between 1 and 7 days of life. Calves that tested positive for rotavirus in feces were in their second (n = 4), third (n = 4), or fourth (n = 1) weeks of age.
Evaluation of fecal scores of calves in the first 30 days of life revealed that in group V, 72.6% of fecal samples taken were normal, while 27.4% of feces were diarrheic. In group NV, 72.7% of fecal samples were normal while 27.3% were diarrheic.
The nucleotide sequence analysis of the VP7 genes of 10 Brazilian bovine RVA strains belonging to both the G6P [11] and G6P [5] genotypes showed the highest nucleotide sequence identity (91.2%) to G6 genotype (NCDV strain) (Fig. 1) . For the VP4 gene, two Brazilian bovine RVA strains (THAF16 and THAF22) were most closely related to P[5] genotype (UK strain) (88%). Furthermore, the VP4 gene of the remaining Brazilian bovine strains belonging to genotype G6P[11] from this study was closely related to B223 strain (96.6%) (Fig. 2) .
Discussion
Although positive samples were found in both normal (n = 5) and diarrheic feces (n = 9), which agrees with the report by Bartels et al. (2010) and Freitas et al. (2011) , all calves that tested positive for rotavirus detection in feces presented an episode of diarrhea in the first 30 days of life. This finding is relevant since most of the cross-sectional field research performed investigating RVA diarrhea, consider calves in which RVA is found in normal feces to be asymptomatic. In the report by Oliveira-Filho et al. (2007) and Cho et al. (2013) , bovine RVA was only found in diarrheic feces, however, this sort of information is rare in the literature consulted, which can lead to misinformation. It is quite likely that newborn calves infected with RVA will always manifest an episode of diarrhea, and that the virus can be eliminated in all stages of clinical course of the disease, including in moments in which feces are normal. Thus, it would be relevant to perform more longitudinal studies in which fecal samples are taken in predetermined moments, as well as whenever the calves manifest diarrhea, in order to evaluate a larger number of animals to confirm these findings and if they are related to the virulence of genotypes of RVA. Nourmohammadzadeh et al. (2012) reported that the higher prevalence of rotavirus infection occurs in calves aged between 2 and 4 weeks, and lower in animals in the first week of life, which agrees with the results of the present report, in which none of the positive calves were in their first week of life, four calves were in the second week of life, four calves were in the third week of life and one calf was in the fourth week of life. Bartels et al. (2010) , evaluating the prevalence and risk factors for the presence of enteropathogens in normal and diarrheic feces of 424 calves aged between 1 and 3 weeks of life reported that the prevalence of normal consistency feces was 57.1%, semiliquid feces was 23.8%, and liquid feces was 19.1%. In the current study, considering the same age groups of calves, percentages found were 72.3 and 71% of normal consistency feces, 19.4 and 19% of semiliquid feces, and 8.30 and 10% of liquid feces, in groups V and NV, respectively. These authors also reported that the percentage of calves with diarrheic feces in the second week of life was higher than in calves with 1 or 3 weeks of age, which was similar to the findings of the present study, in which the percentage of diarrheic calves in their second week of life was 60.7%. This finding is attributable to the immune status of calves, which is higher in the first week of life due to passive immunity provided by colostrum, and gradually decreases through a natural process of catabolism of immunoglobulins, making calves more susceptible to infection in the second and third weeks of life. Since most cases of RVA diarrhea occur within these age groups, at 4 weeks of age, calves are normally immune to infection through natural resistance (Chase et al. 2008; Coura et al. 2015) .
The duration of rotavirus excretion is variable among studies found in literature. A recent report of longitudinal evaluation of diarrhea occurrence in a dairy herd in Brazil stated that the excretion of rotavirus in feces lasted for 1-3 days, which agrees with the results of the present study (Coura et al. 2015) . In experimental studies, rotavirus excretion has been reported to last up to 10 days (Fernandez et al. 1998) . This difference might be attributable to the method of detection of RVA in feces, since both field studies employed PAGE as a screening method for rotavirus in feces, and the limitation of this method lies in the need for a certain concentration of virus particles for the test to be positive, while in the experimental study cited, the method used (ELISA) is considered a test able to detect smaller amounts of virus present in feces than PAGE.
It is important to point out that there was a difference between the RVA strain found between the vaccinated calves (G6P [11] ) and the strains present in the commercial vaccine (G6P[1], and G10P[11]), which might be one of the contributing factors to the lack of efficiency in protecting calves of group V from rotavirus diarrhea. According to Alkan et al. (2010) , several factors can contribute to vaccine failures, especially vaccination management. In the present study, there was a special attention with the conservation and protocol of vaccination employed, in order to avoid the risk of vaccine failure due to inappropriate conservation of the vaccine or a longer period of time between the second dose of vaccine and parturition. However, contrary to expectations, incidence of rotavirus diarrhea was higher in group V than in group NV, which might be due to differences in herd size, exposure to virus, and management procedures between herds (Meganck et al. 2015) .
The strain found in the vaccinated herd (G6P [11] ) was different from the strain of the non-vaccinated herd (G6P [5] ), and none of these strains were present in the commercial vaccines available by the time of the experiment. In Brazil, G6P [11] has been incriminated as a cause of a diarrhea outbreak in a beef herd (Medeiros et al. 2014a ), although there are also reports of its occurrence as the most common genotypic combination in some states of country (Silva et al. 2012) . In Ireland, G6P[11] is reported as a low prevalence genotypic combination found especially in dairy herds (Collins et al. 2014) , while in Turkey, Alkan et al. (2010) reported a high prevalence of this genotype in either unvaccinated herds and in herds immunized against G6P [1] .
Vaccines containing G6P[1] provide poor heterologous protection against G6 bovine RVA that contain different P genotypes from the vaccine strains (Alkan et al. 2010; Medeiros et al. 2014b ). This implies that, considering the latest surveillances performed in Brazil and in other regions of the world, strains of RVA present in the commercial vaccines should be replaced by genotypic combinations more prevalent in the region of interest to reduce the occurrence of RVA diarrhea and all the economic losses associated to this infirmity.
In a recent review performed by Papp et al. (2013) on the RVA strains reported in cattle worldwide, the most prevalent genotypic combinations found in diarrheic calves were G6P[5] (UK strain), G6P[11] (KN4 strain), and G10P[11] (B223 strain), comprising 40.4% of all RVA strains. Also, in Argentina, the most prevalent genotypic combinations reported were G6P [11] in dairy herds and G6P [5] in beef herds (Badaracco et al. 2013) . Parreño et al. (2004) reported that the protective effect of high titers of serum antibodies against bovine RVA significantly reduces the occurrence of diarrhea caused by rotavirus, but does not eliminate the virus from the herd, which reinforces the concept that commercial vaccines currently used are not designed to prevent rotavirus infection, but rather to decrease morbidity, severity of diarrhea, and mortality in field conditions. Although this might have impact in some of the economic costs associated with neonatal calf diarrhea, it does not reduce the expenses of treatment aiming to avoid secondary bacterial infections and might still impact on the potential development and performance of calves in their productive life, given that all the animals positive for RVA detection in the present study manifested at least one episode of diarrhea throughout the first month of life.
The nucleotide sequence analysis of the VP7 genes of bovine RVA strains showed 91.2% nucleotide sequence identity to NCDV strain (G6 genotype). In the unvaccinated herd, the VP4 gene was most closely related (88%) to P[5] genotype (UK strain), while in the vaccinated herd, the VP4 gene detected was 96.6% related to the B223 strain. Alkan et al. (2010) reported that the G6P[11] lineage found in Turkey formed a unique G6 lineage with only 90.1% amino acid identity to the G6 strain NCDV found in the vaccines. Medeiros et al. (2014a) also reported an outbreak of diarrhea in beef calves in Brazil caused by a G6P [11] distant from the most common lineages of RVA strains G6P[1] and G6P [5] . As the strain found in the vaccinated herd of the present study showed a nucleotide sequence identity of 91.2% to the vaccinal strain NCDV, and the VP4 antigen associated was different from the vaccinal strain, this could help to explain the lack of protection of the vaccinated herd against RVA diarrhea.
The small number of calves positive to RVA infection found in our study, especially in the unvaccinated herd, as well as the impossibility of comparing herds with similar sizes, production and infection pressure constituted the main limitations of the study, although the results presented here provided important highlights to the characteristics of natural occurring rotavirus diarrhea in calves in the first month of life. More field studies should be performed to evaluate the genotypic profile of RVA present in both vaccinated and unvaccinated herds.
The results of this study show that all calves infected with rotavirus presented an episode of diarrhea in the first month of life, and that the discrepancy between the genotypes found in the commercial vaccine and the rotavirus strains circulating in both vaccinated and unvaccinated herds, once more, reinforces the importance of constant surveillance in order to avoid potential causes of vaccination failure.
